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abstract 


Tr*niforaatlon  tyitema  Involving  two  type*  of  tr*n*fortnable  taut.int* 
of.  B*cinu«  Itchentforat*  9945A  were  compared.  E*ch  ayitcn  require*!  It* 
•peelflc  growth  TOdlua  but  e  *lngl*  tr*a*  format  Ion  medium  could  be  u*ed 
for  both.  Cell*  from  a  culture  of  optimum  age  developed  coopeteuce  during 
incubation  in  a  cotapletcly  aynthetlc  transformation  medium.  Wli±  each 
system  1  tb  5Z  of  the  recipient  cell*  were  transformed  upon  exposure  to 
vlld'type  DlCA  for  2  to  3  hour*.  When  coiapetent  cells  were  exposed  to  DNA 
for  30  minutes,  1  to  2X  of  them  were  transformed.  The  data  arc  Interpreted 
to  mean  that  cella  were  heterogeneous  with  respect  to  development  of  com¬ 
petence,  and  when  properly  grown  cella  were  Incubated  In  transformation 
medium,  some  of  them  gained  competence  while  others  lost  It.  If  DKA  was 
present  during  the  entire  period,  the  cells  were  transformed  as  they 
bacame  competent  and  the  transformants  accumulated.  However,  during 
any  short  period  of  exposure  to  DKA  only  those  cells  that  were  competent 
at  the  time  were  potential  transformant*.  The  high  frequencleo  of  trans¬ 
formation  obtained  In  these  studies  stade  It  feasible  to  prepare  marked 
strains  by  transforming  marker*  Into  recipient  cells.  These  experiment* 
demonstrated  that  the  characteristics  of  the  two  transformation  systems 
could  not  be  attributed  to  specific  nutritional  markers.  Presumably 
each  of  the  two  series  of  highly  transformable  auxotrophic  mutant*  also 
carried  at  least  one  other  ssutatlon  that  resulted  In  development  of 
competence  under  the  specific  conditions. 


JV'vrloue  p*.£a*  blajt^k. 
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[yntoDUCTTOW 


0«1qK  «  acrceclng  procedure  beeed  on  the  o<'Xurrence  of  trana  format  Ion 
from  auxotropby  to  prototrophy  on  minimal  agar  platea,  Gwlnn  and  Thorne^ 
abowed  that  certain  mutanta  derived  from  Bacllljija  llchenlformle  9945A  were 
tranaforoable  %rtien  grown  under  the  teat  condltliona  employed.  One  of  these 
mutanta,  M28  <«lYclne**).  wao  atudled  further  arid  aome  factors  affecting  Its 
transformation  were  Investigated,  although  under  the  best  conditions  only 
about  l<r*Z  of  the  recipient  cells  transformed.  The  parent  wild-type 
strain  pr^uces  large  amounts  of  glutamyl  polypleptlde  when  grown  appro¬ 
priately.  and  on  clnliaal  agar  plates  it  produces  mucoid  colonies 
(peptlde'n.  The  saitant  M28  was  rough  fpepclde" p  and  with  appropriate 
dcosyrlbonuclelc  acid  (DNA)  it  could  be  transfoonaed  to  peptide^  as  well 
ae  to  prototrof^y.  The  rough  character  of  M28  Was  related  to  ita  ability 
to  be  tranafomed,  because  slvctne*  peptide'**  etralns  prepared  by  trans¬ 
forming  M28  to  pe^ldc'*'  were  much  lees  susceptible  to  transformation  to 
alvctne'*'  than  the:  original  K28.  I 


Cslng  the  easm '  screening  procedure  employed  by  Gwlnn  and  Thome,* 
Leonard  et  al.*  a'lao  found  certain  mutants  to  be  transformable  when 
grown  under  appropriate  conditions.  These  workers  confirmed  the  findings 
thst  the  ability  to  synthesize  glutsmyl  polypeptide  Is  s  transformable 
charactcrlatlc  and  that  saicold  auxotrophs  fjeptlde'*')  transformed  much 
less  readily  than  rough  auxotrophs  (peptide  ).  In  a  more  recent  report 
Leonard  and  Hatthela'^  described  Improvements  In  the  transformation  system 
they  developed  and  reported  the  isolation  of  colonial  variants  that 
transfermed  at  higher  frequencies  than  the  original  isolates. 

Our  present  report  gives  Improved  conditions  for  transformation 
of  the  original  K28  mutant  and  describes  the  Isolation,  by  a  procedure 
different  from  thaf  described  by  Leonard  and  Matthels,*  of  derivatives 
of  K28  thst  transform  at  greater  frequencies.  Included  also  arc  results 
of  studies  in  which  the  conditions  for  transforming  the  H28  series  of 
mutants,  referred  to  here  as  the  M28  system,  were  compared  with  the  dif¬ 
ferent  conditions  that  were  described  for'  transforming  the  mutants  Iso¬ 
lated  by  Leonard  land  Matthels.*  M18  was  chosen  as  being  typical  of  their 
mutants  and  this  Isystemw^ll  be  referred  to  as  the  MIS  aystem.  The  two 
systems  arose  as  a  result  of  the  fact  that  different  sutants  require 
different  conditions  for  growth  of  cells  capable  of  developing  competence. 
An  attempt  la  made  to  bring  together  in  one  place  the  essential  features 
and  procedures  of  beth  systems  to  facilitate  the  use  of  J^.  llchenlformls 
trans format ion  by  other  workers  who  may  wish  to  use  It  as  a  tool  In 
genetics  sttidlcs. 


A.  QRGANISKS 


Th«  prototrophic  otrAln  was  B.  Itchenlformla  ATCC  9945A. 

All  the  nutacta  were  derived  frota  9945A  and  they  are  Hated  and  described 
In  Table  1.  ^ 


TAB1£  1.  DESCRIPTION  OP  UCHENIPORMIS  9945A  MUTANTSS.^ 


Designation  Description,  Origin,  or  Reference  - 


gly^^  by  tJV  Irradiation  of  9945A.^ 

Prototrophic  transfonaant  of  M28.^ 

glv/ser^ .  by  UV  Irradiation  of  M28-RI  (Table  4), 

Prototrophic  transformant  of  M28-RT-M20. 

hit*  derived  by  transfonaing  his**  marker  of 
M28-Dl4-3-Rr-i»  into  M28-RT-M20-RT 

glv/ser*  his*' .  derived  by  transforming  his*  marker 
of  KZS-DU-S-RI*^  into  M28-RT-M20. 

a^T.  derived  by  transforming  a^  marker  of  M17 
into  M28-RT-«20-RT4, 

leu*  glv*  transformant  of  M28-D14  (letT  gly“) 
of  Owlnn  and  Thorne.^ 

Prototrophic  transformant  of  M28~Dl4-3. 

his*,  by  UP  Irradiation  of  M28-D14-3-RI. 

af .  colonial  type  71  transformable  mutant 
described  by  Leonard  and  Matthels. 

arg*«  colonial  type  II  transformable  mutant 
described  by  I^ohard  and~Ha«heis;  . 

.  M18-D1  artT  a<r .  derived  by  transforming  a^”  marker  of 

M17  Into  M18. 


a.  Abbrevlatlopsf  glv.  glycine;  glv/ser.  glycine  or  serine;  hts. 

histidine;  ad,  adenine;  leu»  leucine;  arg.  arginine;  UV-  ultraviolet 
ll^t;  H,  mutant;  T,  transformant;  RT,  rough  prototrophic  transformant; 
D,  doubly  atflcotrophlc.  All  the  saitants  listed  were  rough,  l.e. 


K28 

M28-RT 

K28-RT-M20 

1128‘^iT-M20-RT 

M28-RT-M20-RI-T4 

M28HRI-M20-D1  and  D5 

K28-RT-M20-RT-T10 

M28-D14-3 

M28-D14-3-RT 

M28-D14-3-RHK8 

1117 
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B.  MEPIA 

Mott  of  the  lacdlt  used  In  the  transformation  experiments  are  listed  in 
Table  2.  Minimal  10  vat  minimal  1  supplemented  with  L-alanine,  DL-vallne, 

L" leucine,  L-lsoleuclre,  L-serlne,  and  L-threonlne,  each  at  a  concentration 
of  320  fflg/llter.  We  developed  this  medium  for  Baclllur  cereus  but  It  was 
shown  to  give  good  recovery  of  g_.  llchenlforu.*8  transformants.  Trans¬ 
formants  grew  faster  on  it  than  on  minimal  1  and  therefore  it  was  often 
used  with  auxotrophs  not  requiring  any  of  the  six  supplemental  amino 
acids.  NBY  medium  was  composed  of  8  g  of  Dlfco  nutrient  broth  and  3  g 
of  Dlfco  yeast  extract  per  liter.  Triple  distilled  water  was  used  to 
prepare  all  siedla.  Solid  media  were  prepared  with  15  to  20  g  of  agar 
per  liter. 

In  preparation  of  olnitEal  1  and  mlnltaal  10  agar  all  the  constituents 
except  FeCl^i  glucose,  and  agar  were  autoclaved  together  at  double  strength, 
and  equal  voluaiea  of  this  and  sterile  double  strength  sralten  agar  were 
combined.  FeCl3  and  glucose  were  always  added  aseptlcally.  When  it 
was  necessary  to  add  supplements  to  stlnlmal  agar  in  order  to  score 
transformants  they  were  added  aseptlcally  In  the  following  amounts  (In 
mg/ml);  glycine,  1.0;  other  amino  acids,  0.03;  adenine  aulfate,  0.03; 

Dlfco  caaamlno  adds,  1.0  or  0.1  as  Indicated. 

WBSG-X  broth  was  prepared  by  dissolving  the  phosphates  and  (NH4)2S04 
In  about  one-half  the  final  volume  of  water,  adjusting  the  pH  to  8.0  with 
NaOH,  adding  this  solution  to  a  second  solution  containing  the  nutrient 
breth,  MgS04,  and  sodium  citrate,  and  adding  water  to  make  a  final  volume 
of  1  liter.  The  medium  was  sterilized  In  100-ml  portions  In  250-ml  flasks 
and  just  before  inoculation  the  following  were  added  to  100  ml:  0.5  ml 
of  FeCl3'6T!20  (8.0  mg/ml),  0.1  ml  of  MnSO4‘H20  (2.5  mg/ml),  and  2.0  ml  of 
glycerol  (250  mg/ml).  The  desired  amount  was  then  transferred  to  a 
sterile  flask. 

In  p’-eparatlon  of  the  other  media  listed  In  Table  2,  N3SG,  TM,  BLSG, 
and  BL,  the  following  constituents  were  sterilized  individually  and  added 
aseptlcally:  FeCl3,  MnS04,  CaCl2,  Had,  L-tryptophan,  glucose,  glycerol, 
and  hydrolyzed  casein. 


C.  CUUURAL  CONDITIONS 

Spores  were  produced  In  potato  extract  medium  as  described  by  Thome.® 
Celle  for  transformation  were  grown  In  the  appropriate  broth  Ir.  Erlenoeycr 
flasks  Inoculated  with  1  x  W  to  8  x  10^  spores  per  flask  and  incubated 
on  a  reciprocal  shaker  (5-cm  atrok^,  100  excursienn  per  min).  With  BLSG 
medium  the  recommended  procedure®'  of  using  50  ml  In  50C-ml  flasks  was 
always  followed  and  with  HBSG-X,  imless  otherwise  stated,  25  ml  were  used 
In  250-ml  flasks.  TliC  Incubation  time  for  cultures  was  usually  18  hours 
but  this  varied  In  some  experiments  and  the  exact  time  is  always  given  with 
the  results.  Viable  cell  counts  were  done  by  diluting  cello  In  peptone 
(IT  w/v)  and  spreading  0.1  m"'  on  NBY  agar  plates.  Ail  Incubations  were 
at  37  C. 
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D.  TRANSFOSllMION  | 

I 

All  traniforaatlcns  were  carried  out  In  a  final  volume  of  1  ml  in  test  | 

tubes  (18  X  130  bib)  incubated  in  a  slanted  nosition  or.  the  shaker  (described  f 

ab'Tve)  at  37  C.  After  the  desired  incubation  time,  0.03  ml  (50  ^g)  of  I 

deoxyribonuclease  (once  crystallized,  Worthington  Biochemical  Corp.,  j 

Freehold,  N.J.)  was  added  and  incuoatlon  was  continued  for  15  minutes.  f 

In  experimento  with  the  M28  series  of  mutants  one  of  the  follcwlng  two  "  | 

procedures  was  used:  (1)  one-tenth  ml  of  culture  was  added  to  0.8  ml  s  i 

of  TM  broth  in  a  tube  and  0.1  ml  of  DtIA  was  added  as  desired,  either  at 
the  beginning  of  the  experiment  or  after  eui table  periods  of  incubation. 

(11)  Cultures  were  diluted  1:10  or  tnore  in  TH  broth  and  25  ml  were 
incubated  in  a  250-ml  shaken  flask.  At  the  desired  times  0.9-ml  samples 
were  removed  to  cubes  with  0.1  ml  of  DMA.  In  experiments  with  M18  and 
M18-D1,  cultures  were  diluted  about  1:20  in  £L  broth;  25  ml  in  250-ml 
flasks  or  0.9-ml  samples  in  tubes  were  incubated  with  shaking.  After 
Che  desired  periods  of  time  0.1  ml  of  DMA  waa  added  to  0.9  ml  of  cells. 

Since  details  of  the  transformation  procedure  varied  somewhat  from  one 
experintent  to  another  the  exact  procedure  is  always  given  with  the 
results.  In  all  the  experiments  reported  here  the  final  concentration 
of  DNA  in  transformation  cdxturea  was  32  ;ig/ml;  this  amount  was  shown 
to  be  an  excess. 

For  scoring  transformants  samples  were  diluted  in  the  same  kind  of 
broth  used  in  the  transformation  mixtures  and  plated  on  the  appropriate 
minimal  agar.  Transformants  of  M28  were  conveniently  scored  on  minimal 
agar  with  3. 17.  of  raaamino  aclda.  This  amotmt  of.  casasilno  acids  did 
not  contain  enough  gl3rcine  to  allow  the  glycine  auxotroph  to  grew  into 
full-iiaed  colonies,  but  it  allowed  the  transformants  to  grew  faster. 

With  the  glv/ser*  mutant  a  concentration  of  casamlno  acids  greater  than 
O.Cl?.  gave  too  much  background  growth  of  the  auxotrophic  cells. 

TraaafotTi.snts  of  the  M18  series  of  mutants  could  be  scored  after  plates 
were  incubated  for  36  lo  AO  hours.  The  M28  series  of  mutants  grew  mors 
slowly  and  tranr.formants  could  not  be  scored  accurately  before  48  hours. 

All  the  mutants  used  in  these  experiments  were  very  itable;  revertants 
were  rarely,  if  ever,  seen.  Hewever,  appropriate  controls  for  detecting 
revertants  were  always  included  in  transformation  experiments. 


E.  DNA  j 

! 

D?Ji  was  prepared  as  described  by  Gwlnn  and  Thorne.^  Cells  for  DUA  | 

extraction  were  grown  in  NBY  broth  as  described  by  thocc  authors  except  ] 

that  the  inoculum  of  spores  was  reduced  to  1  x  ICT  per  ml.  With  this  ! 

amount  of  inoculum  vary  few.  If  any,  spores  were  present  in  16-!iour  cultures 
and  there  was  no  difficulty  in  preparing  sterile  DNA.  For  storage  at  5  C  j 

aa  well  as  for  use  in  experimer.ts,  DNA  was  in  solution  in  2  M  NaCl.  DNA  I 

was  determined  by  the  method  of  Burton.®  1 


( 

! 

j 
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III.  RESULTS 


A.  TRANSFORMATION  FREQUENCIES  OF  M28  CELLS  GROWN  UNDER  VARIOUS  CONDITIONS 

NBSG  medium  vaa  the  beat  of  the  media  teated  by  Gwlna  and  Thorne^  for 
growing  recipient  cella  of  H28  for  tranaformatlon,  although  only  about  lCr*X 
of  the  cella  tranaformed  under  the  teat  condltiona.  The  preaent  atudlea 
began  with  attempts  to  Improve  the  frequencies  of  transformation  with  M28, 
:jid  these  experiments  resulted  In  the  modification  of  NBSG.  The  new 
medium,  NBSG-X,  Is  the  same  as  NBSG  except  that  the  concentrations  of 
phosphates  were  Increased  fourfold,  the  concentrations  of  HgS04  and 
citrate  were  Increased  sixfold,  and  the  concentration  of  MnS04  was 
Increased  tenfold.  Of  all  these  modifications  the  most  Important  one 
was  the  Increase  In  phosphate  to  the  unusually  high  concentration  of  ^ 
approximately  0.5  M.  While  these  tests  on  grwth  medium  were  being  done, 
experiments  were  also  carried  out  to  Improve  the  medium  used  for  the 
transformation  process.  In  the  original  studies  Gwinn  and  Thorne^  used 
minimal  1  broth,  but  after  many  testa,  we  adopted  TM  broth,  pH  7.0,  as 
the  routine  transformation  medium.  This  la  the  aame  as  minimi  1  broth 
except  that  glutamic  acid  was  omitted  because  It  Inhibited  transfonsatlon, 
the  MgS04  concentration  was  Increased  fivefold,  the  MUSO4  concentration 
was  Increased  50-fold,  and  CaCl2  and  NaCl  were  added.  In  numerous  testa 
In  which  each  of  the  constituents  was  tested  over  a  range  of  concentrations 
and  In  which  media  at  various  pH  values  were  tested,  the  beat  results 
were  obtained  with  the  medium  as  described.  The  optimum  NaCl  concentra¬ 
tion  was  0.3  to  O.A  M.  The  routine  addition  Of  0.1  ml  of  DNA  In  2  M 
NaCl  to  0.9  ml  of  cells  In  TM  containing  0.2  M  NaCl  resulted  In  a  final 
molarity  In  the  optimum  range. 

Table  3  shows  some  transformation  frequencies  obtained  with  cells 
grown  In  NBSG-X  medltim  and  transformed  In  TM  broth.  These  data  demonstrate 
the  effects  of  pH  of  the  growth  medium  and  degree  of  aeration  as  controlled 
by  the  volume  of  medium  In  the  2S0-ml  flasks.  Two  combinations  of  volume 
and  pH,  50  ml  at  pH  6.0  and  25  ml  at  pH  8.0,  gave  maximum  transformation 
frequencies.  With  50  ml  of  o^dium  at  pH  6.0  the  optimum  time  of  incuba¬ 
tion  was  46  to  54  hours  ei'en  though  the  viable  cell  count  reached  the 
maximum  (about  2  x  10  /ml)  after  10  to  12  hours.  Little  or  no  change  in 

numbers  of  viable  cells  could  be  detected_throughout  the  remainder  of  -  — - 

the  period  and  very  little  change  in  pH,  less  than  0.2  unit,  occurred 
during  Che  entire  time. 

Although  the  highest  frequencies  were  obtained  with  cells  grown  at  pH  6 
In  a  volume  of  50  ml,  the  long  Incubation  period  required  was  inconvenient. 
Therefore,  the  next  best  aet  of  conditions,  25-ml  volume  and  pH  8.0,  was 
adopted  for  further  studies.  When  M28  was  grown  for  18  to  20  hours  under 
these  conditions,  0.1  to  0.3%  of  recipient  cella  were  transformed  when 
incubated  with  DM  In  TM  broth  for  2  to  3  hours.  For  the  remainder  of 
the  experiments  reported  here,  except  when  Otherwise  stated,  cells  of 
the  M28  series  of  mutants  were  grown  in  this  manner. 


TABLE  3.  “nLAKSFORMATION  OF  M28  (glVl  CELLS 
GROtfN  UOTEa  VARIOUS  CONTITIONSl' 


Medluta _  Train  format  Icn 

■l/2S0-ffll  Optimum  Incubation  to  Prototrophy, 
pR  Flask  Time,  hours  X 


6.0 

50 

46 

to 

54 

0.1 

to 

0.6 

7.0 

50 

24 

to 

26 

0.02 

to 

0.04 

8.0 

50 

24 

to 

26 

0.03 

to 

0.05 

7.0 

25 

18 

to 

20 

0.03 

to 

0.1 

8.0 

25 

18 

to 

20 

0.1 

to 

0.3 

a.  The  Mdlum  was  KESG-X.  One-tenth  ml  of  cells,  0.1  ml 
of  wild-type  DNA,  and  0.8  ml  of  TM  broth  were  Incu¬ 
bated  for  3  hr.  Transformants  were  scored  on  minimal 
1  agar  supplemented  with  O.IX  of  casa.ilno  acids. 


Early  tests  revealed  that  these  conditions,  which  were  optimum  for 
M28.  were  not  specific  for  cells  with  the  glv*  marker.  M28-D14-3  la  a 
alv'^  leu"  transformant  derived  from  M28-D14  fgly"  leu~  ) .  by  Gwlnn  and 
Thorne.'^  When  It  was  tested  by  the  standard  procedure  adopted  for  K28, 

0.6  to  0.7X  of  the  cells  were  transformed  during  a  3-hour  exposure  to  DNA. 

B.  TRANSFORMATICW  FREqUENCIES  OF  MUTANTS  DERIVED  FROM  M2 8 

Spores  of  a  rough,  prototrophic  transformant  of  M28,  K28-RT,  were 
irradiated  with  UV  to  Induce  mutations  and  new  auxotrophic  mutants  were 
Isolated.  Fifty  of  these  were  tested  for  ability  to  be  transformed  and 
some  of  the  results  arc  shewn  in  Table  4.  The  transformation  frequencies 
varied  over  a  wide  range  from  a  low  of  0.0002X  to  a  high  of  3.3X.  There 
was  nu  apparent  correlation  between  nutritional  requirements  and  trans¬ 
formation  frequency.  M28-RT-M20,  which  gave  the  highest  frequency, 
required  either  glycine  or  serine  for  growth.  That  this  was  a  different 
marker  from  the  glycine  marker  In  M28  was  confirmed  by  the  fact  that  DNA 
from  one  mutant  would  transform  the  other  to  the  same  extent  as  wild-type 
DKA. 

Similar  results  to  those  above  were  obtained  when  new  auxotrophic 
mutants  were  Isolated  following  UV  Irradiation  of  a  prototrophic  trans¬ 
formant  derived  from  M28-D14-3.  Two  among  the  35  tested  gave  transforma¬ 
tion  frequencies  higher  than  the  parent;  M28-D14-3-RT-M8  (his" )  and  M43 
( arg" )  gave  frequencies  of  2X  and  1.5X,  respectively.  In  these  tests  the 
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parent,  M28>D14-3,  gave  a  frequency  of  0.6Z.  It  la  Intereating  that  a 
autant  requiring  either  glycine  or  aerlne  waa  alao  laolated  In  these 
experiments;  however.  It  transformed  at  the  same  frequency,  0.6Z,  as 
the  parent,  M28-D14-3. 


TABLE  4.  TRANSFORMATION  OF  MUTANTS  DERIVED  FROM  H28-RT^^ 


Mutant 

Requirement 

Transformation 
to  Prototrophy,  Z 

M28-RT-M1 

methionine 

0.7 

M76 

methionine 

„  . .  0.07 

M73 

methionine 

0.09 

M4 

leucine 

0.6 

M20 

glycine  or  serine 

3.3 

H32 

arginine 

0.8 

M45 

purine 

0.4 

M48 

lysine 

0.3 

M66 

histidine 

0.03 

M56 

histidine 

0.3 

M19 

trypto^an 

0.002 

M4D 

guanine 

0.0002 

M85 

valine 

0.2 

H90 

laoleucine 

0.1 

M74 

glycine 

0.05 

M63 

glycine 

0.7 

M28  (control) 

glycine 

0.1 

M28-D14-3  (control) 

leucine 

0.7 

a.  Culttires  vere  grown  In  KB^-X  for  18  hr  and  0,1  ml  of  each 
was  Incubated  with  0.1  ml  of  wild-type  DNA  and  0.8  ml  of  TM 
broth  for  3  hr.  Transfortaanta  were  scored  on  minimal  1  agar. 


C.  TRANSFORMABILITY  OF  STRAINS  PREPARED  BY  TRANSFORIQ^  MASKmS  INTO 

RECIPIENT  CELLS  . . 

Since  it  appeared  that  changes  in  capacity  to  be  transformed  often 
occurred  during  the  process  of  preparing  marked  strains  by  irradiating 
spores  with  UV  and  selecting  auxotrophic  mutants,  it  scened  desirable  to 
be  able  to  prepare  suitably  marked  strains  by  transforming,  markers  into 
highly  transformable  mutants.  Experiments  were  done  to  determine  whether 
prototrophic  transformants  retained  the  ability  to  serve  as  recipient  cells 
for  transformation.  Two  prototrophic  transformants  fpeptlde~ )  resulting 
from  exposing  M28-RT-M20  (gly/ser")  to  wild-type  DIJA  were  selected  and 
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purified  by  etreeklog  on  ulnlmel  egar  and  picking  tingle  colonies.  Both 
of  these  prototrophic  transformants  retained  the  ability  to  develop 
competence  as  determined  by  their  capacity  to  be  transformed  from 
peptide*  to  peptide'*'.  An  example  of  the  rerults  obtained  with  one  of 
them,  M28-RT-M20-RT,  Is  shown  In  Table  5. 


TABLE  5.  TRA3».‘;P0RM\TI0N  OP  A  PEPTIDT  PROTOTROPH  TO  PEPTIDE^  AND  OP  STRAINS 
PREPARED  BY  TRANSP(»MI?IG  WORKERS  INTO  RECIPIENT  CELLS^.' 


Recipient  Celia 

Transformants 

Strain 

Deslgnatlonk./ 

Genotype 

Ho. /ml 

Genotype 

Ho. /ml 

Transfor- 
Biatlon,  X 

K28HIT-M20-RT 

peptide*. 

prototroph 

3.0  X  IC^ 

peptide*' 

1.2  X  l(f 

4.0 

M28-rr-H20**T-T4 

his* 

2.7  X  IC^ 

hts-*- 

1.0  X  lO’ 

3.7 

M28-RT-M20-D5 

Kly/ser* 

his* 

3.5  X  10* 

gly/ser'*' 

hie-*- 

1.3  X  lO’ 
1.2  X  lO’ 

3.7 

3.4 

a.  Recipient  cells  were  grcvn  for  18  hr  In  NBSG-X  and  0.1  ml  samples 
containing  the  Indicated  number  of  cells  were  Incubated  for  3  hr  tlth 
O.l  ml  of  wlld-typt  DKA  and  0.8  ml  of  TM  broth.  Transformants  were 
scored  on  minimal  1  agar  for  peptide'*',  on  minimal  10  agar  for  btar*'. 
and  on  adnlsml  1  agar  supplemented  with  histidine  and  O.OlZ  of 
easamlno  acids  for  gly/ser*'. 

b.  See  Table  I  for  derivation  of  the  strains. 


Competent  cells  ox  the  prototrophic  transfomact,  M28-RT-M20-RT  of 
I  Table  5,  were  transformed  with  DNA  prepared  from  M28-D14-3-RT-M8  (hia~ ) 

and  transformation  mixtures  were  plated  on  NB7  agar  to  produce  Isolated 
colonies.  Colonies  were  picked  at  random  and  tented  for  the  ability  to 
j  grow  on  minimal  1  agar,  and  those  that  did  not  gr^w  were  shown  to  be  ht  s~ . 

I  Six  such  strains  were  tested  for  transformation  and  each  of  them  transformed 

I  to  prototrophy  at  a  frequency  similar  to  that  obtained  with  the  original 

I  recipient  parent  strain  )(28'RT-M20.  Table  5  includes  an  example  of  the 

results  with  one  of  these  strains,  M28-RT-M20-aT-T4. 

j  •  In  a  manner  similar  to  that  Just  deocrlbed  the  hts~  marker  of 

'  H28-D14-3-RT-M8  was  transformed  Into  cells  of  P28-RT-dl20  (gly/ser* )  and 

!  doubly  marked  strains  were  isolated.  Pour  of  these  were  tested  for 

transformation  and  they  all  transformed  well  for  each  of  the  two  markers. 
Results  with  one  of  them,  M28-RT-M20-D5,  are  Included  also  In  Table  5. 
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D.  SPECIFICITIES  OT  GROWTH  KEDU  VOBi  THE  TWO  TRAKSPOaHATIOH  SYSTEMS 

Following  the  procedure  reported  by  Leonerd  end  Matthele*  end  using  one 
of  their  Butents,  MIS  (erg**),  ve  were  eble  to  reproduce  the  frequencies  of 
trensforoetlon  they  reported.  Ve  were  elso  eble  to  prepare  sultebly 
nerked  strelns  In  that  systeo  by  trensformlng  desired  markers  Into  appro¬ 
priate  cells.  For  example.  Table  6  gives  results  of  a  transformation 
experiment  with  the  doubly  marked  strain,  MlS-Dl  (arg**  ad*).  This  strain 
was  prepared  by  transforming  M18  (arg**)  with  DMA  Isolated  from  H17  (ad"). 
The  cells  transformed  for  each  of  the  two  markers  at  a  high  frequency. 


TABLE  6.  TEAHSF(«MATIOH  OF  MlS-Dl  (ARG" 


Recipient 

Cells/ffll 

DHA  Source 

Transformation 

erg** 

a^ 

Trans  formnt  s  /ml 

% 

Trans  formant  s /ml 

% 

8.7  X  lO’ 

MIS  (arg** ) 

0 

0 

3.2  X  ICf 

3.7 

8.7  X  l(f 

M17  (ajf ) 

4.4  X  l{f 

5.1 

0 

0 

8.7  X  lO’ 

9945A 

4.8  X  l(f 

5.5 

3.4  X  l(f 

3.9 

a.  Strain  MlS-Dl  (arg*"  af)  was  obtained  by  transforming  MIS  (arg**) 
with  DliA  prepared  from  M17  (ad*).  Recipient  cells  were  grown  In 
BLSG  for  IS  hr.  JR»ey  vere  diluted  1:20  In  BL  broth  and  0.9-ml 
saiaples  (8.7  x  ICr  cells)  were  Incubated  In  tubes  for  2  hr.  DKA 
(C.  1  ml)  was  added  and  Incubation  was  continued  for  2  hr.  Trans¬ 
formants  were  scored  on  appropriately  supplemented  minimal  10  agar. 


The  data  In  Table  7  demonstrate  the  specificities  of  the  two  growth 
media,  BLSG  and  HBSG-X,  for  the  MIS  and  M28  types  of  mutants,  respectively. 
The  results  of  experln«nts  I  and  3  In  the  table  show  that  the  two  transfor- 
sHitlon  media,  TM  and  BL,  gave  8lml.lar  results  and  that  they  could  be  used 
Interchangeably  for  both  systems.  The  data  of  experiment  2  show  the 
superiority  of  BLSG  over  HBSG-X  taedlum  for  growing  recipient  cells  of 
MlS-Dl.  The  optimum  concentrations  of  glycerol  for  the  two  media  are 
different,  1.2Z  for  BLSG  and  0.5T  for  HBSG-X.  However,  Increasing  the 
concentration  of  glycerol  to  1.2T  In  HBSG-X  did  not  Improve  this  medium 
for  MlS-Dl.  The  results  of  experiment  3  in  Table  7  riiow  that  BLSG  is 
Inferior  to  HBSG-X  as  a  growth  medium  for  recipient  cells  of  M28-RT-M20- 
BT-TIO.  This  was  confirmed  for  other  mutants  of  the  M28  series.  Reducing 
the  concentration  of  glycerol  to  0,5%  In  BLSG  (experiment  4)  did  not  alter 
the  results  significantly.  It  should  be  pointed  out  that  the  numbers  of 
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c«lls  obe«ln«d  with  any  particular  autant  lo  eha  ttfo  aedla  were  about  the 
aaaa.  It  la  In  the  quality  of  tha  edit  vlth  raaper.t  to  their  trana- 
foraablllty  that  a  great  difference  vaa  obaerved. 


XABLZ  7.  SPECIFICmr  OP  GROWTH  MEDIA  POR  RTCIPIENT  CELLS  OP  M18 
AMD  M28  TYPES  OP  MOTASTS^ 


Tranafor- 

Exp.  Growth  aatlon  Recipient  _ Tranaforgatton 

Vo.  Mutant  Medlua  Medium  Cella/al  Traea  formant  a/al  Z 


1 

M18-D1 

BLSG 

BL 

1.4 

x 

10“ 

1.4 

X 

l<f 

(iIJS*’) 

1.0 

(Tjf  af) 

TM 

1.1 

X 

Vf 

1.6 

X 

l(f 

(arj+) 

1.5 

2 

M18-D1 

BLSG 

TM 

6.2 

X 

Id" 

7.3 

X 

l(f 

1.2 

(arjf  a£) 

VBSG-X 

TM 

1.2 

X 

Vf 

9.0 

X 

10® 

(1^) 

0.008 

VBSG-I^' 

TM 

7.8 

X 

lO’ 

<1 

X 

l(f 

(ad^) 

<0.001 

3 

M28-RT-M20- 

BLSG 

BL 

1.7 

X 

Id* 

9.5 

X 

Id* 

0.06 

RT-TIO  (a£) 

VBSG-X 

TM 

2.2 

X 

Id* 

1.7 

X 

l(f 

<M^) 

0.8 

VBSG-X 

BL 

2.3 

X 

Id* 

1.6 

X 

l(f 

0.7 

4 

M28HITHM20- 

BLSG  , 

TM 

1.1 

X 

Id* 

3.6 

X 

10* 

(1^ 

0.03 

RT-TIO  (af  ) 

BLSG^ 

TM 

1.4 

X 

i(f 

6.2 

X 

10* 

0.04 

5 

M28-RT-M20- 

VBSG-X 

TM 

2.7 

X 

Id* 

1.2 

X 

id' 

4.4 

RT-TIO  (a£) 


a.  Recipient  cella  of  M18-DI  were  grown  for  18  hr  and  tboae  of  M.28-RT-H20- 
RT-TIO  for  16  hr,  the  reapectlve  optimum  tlaea.  Except  for  experiment  5, 
eella  were  diluted  1:20  in  tr an a format Ion  aedlua  and  25  al  were  Incu¬ 
bated  In  25C-ml  flaaka  for  4  hr.  Samplea  (0.9  al)  were  then  Incubated 
with  0.1  al  of  vlld-type  DNA  for  30  min.  In  experiment  5,  0.1  ml  of 
cella,  O.l  al  of  DHA,  and  0.8  al  of  TM  broth  were  Incubated  together 

for  3  hr.  Tranaformanta  were  acored  on  minimal  10  agar  aupplemented 
aa  neceaaary. 

b.  The  concentration  of  glycerol  waa  Increased  from  0.5Z  to  1.2Z,  the 
optlmua  concentration  for  M18-D1  In  BLSG. 

e.  The  concentration  of  glycerol  waa  reduced  froa  1.2X  to  0.5Z,  the 
optlmua  concentration  for  the  M28  aerlea  of  autanta  in  VBSG-X. 
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Routinely  BLSG  ve*.  need  In^SO-sl  esounte  in  SOO-ml  flasks,  since  this 
was  the  recossnended  procedure.*  However,  In  experiments  not  shown  here, 
results  with  M18-D1  grown  In  25  «1  of  BLSG  in  250-01  flasks  were  similar 
to  those  obtained  routinely. 

The  difference  between  the  K28  and  M18  types  of  mutants  does  not  appear 
to  be  attributable  to  the  presence  of  particular  nutritional  markers.  The 
data  In  Table  7  provide  evidence  for  this.  The  ad'  marker  was  transformed 
Into  each  of  the  two  mutants  used  in  these  experiments  with  the  use  of  DN& 
Isolated  from  M17  fad*).  M17  Is  highly  transformable  under  the  same  condi¬ 
tions  that  are  optimum  for  M18.*  Vben  the  a^  marker  of  M17  was  p^t  Into 
M18  fare" )  the  characteristics  of  this  mutant  with  respect  to  transforaatlon 
did  not  change.  Likewise,  the  original  specificity  of  M28-RT*li20  with 
respect  to  growth  medium  for  optimum  transformation  was  retained  when  the 
ad"  marker  of  M17  was  put  Into  M28-8T-M20‘^. 


E.  DEVELOPMEHT  OF  COMPETENCE  IM  TBANSPCBMATION  HEDIUM 

He,  as  well  as  Leonard  and  Hatthels,*  had  assumed  that  cells  of  trans¬ 
formable  mutants  of  B.  llchenlformls  became  competent  In  their  growth  medium 
late  In  the  stationary  phase.  The  fact  that  the  age  of  the  culture  was  a 
critical  factor  In  controlling  the  frequency  of  transformation  contributed 
to  this  belief.  Hwevei.,  In  experiments  designed  to  test  this  we  obtained 
evidence  that  cells  did  not  become  coo^tent,  at  least  to  any  great  extent, 
in  their  growth  medium,  but  that  appropriately  grown  cells  developed 
ecnpetence  during  Incubation  In  transformation  medium.  The  data  In  Table  8 
demonstrate  that  cells  of  M28-fiT-M20-0l  fRlv/ser**  his")  became  competent 
during  lucubatlon  in  TM  broth.  In  this  experiment  samples  of  cells  In  TM 
broth  were  Incubated  In  a  series  of  tubes  and  at  hourly  Intervals  DBA  was 
added  to  one  of  the  tubes  and  Incubation  was  continued  for  30  minutes. 
Without  any  period  of  Incubation  In  TM  broth  before  addition  of  DN6,  only 
0. IL  of  the  cells  transfornmd;  with  longer  periods  of  Incubation  In  TM 
broth  Che  proportion  of  transformed  cells  Increased  to  a  maxlinutm  of  about 
2Z.  In  several  experiments  maximum  competence  was  achieved  after  cells 
were  Incubated  In  TM  broth  for  about  3  to  4  hours  and  this  high  level  of 
competence  was  maintained  throu^  the  6th  hour.  After  that  time  the  number 
of  transformants  decreased  but  even  after  8  hours,  which  was  the  longest 
period  tested,  about  0.5Z  of  the  cells  transforiMd.  Control  experiaients 
were  done  In  which  cells  were  allcwed  to  continue  Incubating  In  their 
growth  medium.  At  hourly  Intervals  0.1‘iml  samples  were  removed  and  incu¬ 
bated  for  30  minutes  with  0.1  ml  of  DNA  and  0.8  ml  of  TM.  In  such  tests 
the  frequencies  of  transformation  were  always  several-fold  lower  than 
those  obtained  with  cells  of  the  sas»  culture  Incubated  for  an  optliaim 
period  In  transformation  medium. 
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TABLE  8.  DEMDUSTBATIOK  Of  DEVELOPMENT  OF  CCMPETESCE  IM  TM 


Xncubat Ion 
TlflW  In  TM 
Broth  Before 
Addition  of 
DMA 

Incubation 
Time  with 
DMA 

Transformation 

Kly/ser'*' 

bis-*- 

Trans formant s/ml 

X 

Trans formant s/ml 

X 

hr 

min 

0 

30 

3.0  X  l(f 

0.12 

2.0 

X  l(f 

0.03 

1 

30 

3.1  X  l(f 

1.3 

1.6 

X  l(f 

0.67 

2 

30 

3.7  X  l(f 

1.5 

2.4 

X  l(f 

1.0 

3 

30 

5.2  X  l(f 

2.2 

3.0 

X  Id* 

1.2 

4 

30 

4.2  X  ICf 

1.8 

3.5 

X  ICf 

1.5 

5 

30 

4.8  X  l(f 

2.0 

4.6 

X  l(f 

1.9 

0 

180 

1.3  X  10“^ 

5.4 

1.1 

X  10^ 

4.6 

a.  Recipient  cells  of  strain  M28^-M20-Dl  fglT/aer~  hliT)  were  grown  for 
18  hr  In  KBSG-X.  Tubes  containing  0.8  b1  of  TM  broth  smd  O.l  ml  of 
cells  (2.4  X  1(f)  were  Incubated  for  the  times  Indicated.  Vlld-t3rpe 
DHA  (0.1  ml)  was  added,  and  Incubation  was  continued  for  the  times 
Indicated.  Transformants  were  scored  on  minimal  10  agar  for  hts*** 
and  mlalasl  1  agar  supplemented  with  histidine  and  O.OIT  of  casamlno 
acids  for  tlv/ser^. 


Table  9  deswmstrates  that  M18-D1  also  developed  competence  in  trans¬ 
formation  medium.  Results  were  similar  to  those  obtained  with  the  M28 
series  of  mutants.  Vlth  both  types  of  mutants  determinations  of  viable 
cells  at  periods  up  through  ^  hours  Indicated  that  the  nusd>er  of  celli 
did  not  change  significantly  during  Incubation  In  transformation  medium. 
Also,  with  each  of  the  two  types  of  mutants,  cells  developed  competence 
In  transformation  medium  equally  well  whether  25-vl  samples  were  Incubated 
with  shaking  In  250-ml  flasks  or  0.9-ml  samples  were  Incubated  with 
shaking  In  test  tubes. 


F.  EFFECT  OF  TIME  OF  EXPOSURE  TO  DMA 

Table  10  shows  the  effect  of  various  periods  of  exposure  to  DHA  on  the 
mimber  of  transformants  obtained.  Vlth  cells  that  had  been  Incubated  for 
an  optimum  time  In  transformation  medium,  greater  than  O.IX  transformation 
was  obtained  during  an  exposure  period  of  5  silnutes.  .  Between  IX  and  2X 
of  the  cells  were  transformed  In  15  minutes  and  the  nusdier  of  transformants 
Increased  still  further  In  30  minutes. 
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TABLE  9.  AIIAINMEIIT  OF  COMPETEIKE  DURIHG  IKCUBATION 
OP  M18-DI  fARg*  CELLS  IN  BL  BROr«jS/ 


Incubation  Time 
in  BL  Broth 
Before  Addition 
of  UNA 

Incubation  Time 
with  DNA 

Transformation 

Trans formant 8 /ml 

to  ad^ 

X 

hr 

sdn 

0 

30 

8.0  X 

0.006 

1 

30 

■ 9.0  X  10* 

0.07 

2 

30 

6.7  X  icf 

0.52 

3 

30 

1.7  X  l(f 

1.3 

4 

30 

2.0  X  l(f 

1.5 

5 

30 

2.0  X  lO® 

1.5 

6 

30 

2.0  X  ICf 

1.5 

2 

120 

5x1^ 

3.8 

Cell*  grown  for  18  hr  in  BLSG  were  diluted  1:20  In  BL 
broth  and  0.9-ffll  cemple*  (1.3  x  l(f  cells)  were  Incubated 
in  tubes.  After  the  designated  times  0.1  ml  of  DNA  was 
added  and  incubation  was  continued  for  the  times  lndi> 
eated.  A  total  cell  count  on  the  6-hr  tube  gave  1.2  x  10^ 
cells  per  ml,  indicating  that  the  number  of  cells  did 
not  cliMge  significantly  during  the  course  of  the 
experiment.  Transformants  were  scored  on  minimal  10 
agar  supplemented  with  arginine. 


TABLE  10.  TSANSFOSMATION  FREQUENCIES  WHu  CELLS  OE  M18-D1 
EJCPOSED  TO  UNA  FOR  VARIOUS  PERIODS  OF  TIMES.' 


Minutes  of 
Exposure 
to  UNA 


1 

5 

15 

30 

120 


r. 

5. 


ad+ 


Trans  format ion 


ar; 


£ 


(prmants/ml 

X 

Transformant  8 /ml 

X 

;(tl!x  10^ 

0.00003 

1.8  X  icf 

0.0003 

X  10* 

0.14 

1.1  X  ICf 

0.17 

.(1  X  ](f 

1.6 

•  .  1.1  X  ICf 

1.7 

,6  X  icf - 

2.5 

2.2  X  ICf 

3.4 

,1  X  icf 

7.9 

5.6  X  ICf 

8.7 

Cells  were  grown  for  18  hr  in  BLSG,  diluted  1:16  in  BL  broth, 
and  incubated  5  hr  (25  ml/250-ml  flask).  Samples  (0.9  ml)  con¬ 
taining  6.4  X  W'  cells  were  incubated  with  0.1  ml  of  wild-type 
UNA  for  the  indicated  timeSr  For  the  sa!iq>le  exposed  to  UNA  for 
120  min,  0.9  ml  of  cells  was  removed  from  the  flask  after  2  hr 
and  incubated  with  0,1  ml  of  DNA  for  2  hr.  Transformants  were 
scored  on  minimal  10  agar  suppleti»nted  with  arginine  for  aJ^ 
and  with  adenine  for  arg'*'i 
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An  Interesting  f«ct  Is  that  with  both  types  of  autants,  exposure  to 
DHA  for  periods  longer  than  30  ninutes  always  produced  more  transformants 
(Tables  8,  9,  and  10).  The  maximum  nuudier  of  transformants  was  obtained 
when  cells  were  exposed  to  DKA  for  2  to  3  hours. 


The'se  experiments  demonstrate  that  two  types  of  mutants  derived  from 
B.  lichen! forat 8  9945A  had  different  requirements  with  respect  to  optimum 
medium  for  growth  of  transformable  cells.  The  original  medium  used  for 
both  types  of  mutants  was  NBSG  (Table  2)  and  It  was  later  modified  into 
BLSG  for  the  M18  type  of  sutants^  and  KBSG'Z  for  the  M28  type.  The  most 
Impcrtant  difference  in  the  two  modified  media  Is  in  the  phosphate  concen> 
tratlon.  Apparently  the  physiology  of  M28  type  Is  such  that  the  high 
phosphate  concentration,  almost  0.5  M,  Is  conducive  to  the  development 
of  transformable  cells.  Glycerol  Is  an  importmt  constituent  in  the  I 

medium  for  both  mutant  types,  although  the  optimum  concentrations  vary 
somewhat.  When  glucose  was  substituted  for  glycerol,  very  few  if  any 
transformants  were  obtained.  Glycerol  L.'vilbits  sporulation  of  B. 
llchenlfortnls^  and  we  believe  this  Is  one  reason  It  Is  such  a  critical 
factor  in  the  medium  for  grcwing  transformable  cells. 

Except  for  their  specificities  with  respect  to  medium  for  growth  of 
transformable  cells,  the  two  types  of  mutants  were  very  much  alike. 

Each  became  competent  in  either  of  the  two  transformation  media  studied; 
the  two  had  similar  colonial  morphologies;  both  were  phenotyplcally  as 
well  as  genot3rplcally  rough  (peptide* ) ;  and  each  type  included  variants 
that  gave  a  wide  range  of  transformation  frequencies. 

Information  given  In  this  report  apparently  eliminates  specific 
auxotrcphlc  markers  as  being  responsible  for  the  peculiarities  of  tl:e 
two  mutant  types.  Vhen  the  ad~  marker  from  a  representative  of  one  j 

type  was  transformed  into  a  representative  of  the  second  type,  the 
speclficltjr  of  the  second  type  with  respect  to  growth  medium  was  not 
changed,  j  pur  hypothesis  to  account  for  the  two  t3rpes  is  that  coinci¬ 
dentally  cp  the  original  mutation  resulting  in  aincotropiry,  a  second  mutation 
occurred  Resulting  in  a  physiological  change  that  rendered  the  cells  trans¬ 
formable  when  grown  under  certain  conditions.  According  to  this  hjrpothepis 
this  coincidental  mutation  would  be  different  in  the  two  ’witant  t]^ee  and 
one  should  be  able  to  transform  one  type  to  the  other.  He  have  not  tried 
to  do  this. 

Although,  according  to  transformation  tests,  competence  developed 
during  incubation  of  cells  in  transformation  medium  and  persisted  for 
several  hours,  the  nmd>er  of  transformants  that  could  be  obtained  in  any 
3C-minute  period  of  exposure  to  DJIA  during  the  hours  of  maximum  competence 
was  never  as  high  as  the  number  that  could  be  obtained  by  using  longer 
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periods  of  exposure.  This  Is  Interpreted  to  nean  that  populations  of  cells 
were  heterogeneous  with  respect  to  development  of  cotopetence  and  that  during 
Incubation  in  transformation  medium  some  cells  gained  coo^etence  while 
others  lost  it.  When  DNA  was  present  for  a  long  period  of  time,  cells 
were  transformed  as  they  became  competent  and  transformants  accumulated 
throughout  the  period.  However^  when  exposure  to  DM  was  held  to  a 
shorter  period,  only  those  cells  that  were  competent  at  the  time  were 
transformed.  Alternative  possibilities  are  that  individual  cells  gained, 
lost,  and  regained  ccmpetence  in  cycles,  or  that  some  cells  took  up  SNA 
much  more  slowly  than  other  cells.  An  obvious  possibility  is  that  during 
longer  periods  of  exposure  to  SNA  the  number  of  transformants  increased 
ns  a  result  of  cell  division  (growth)  of  the  transformants;  this  was  ruled 
out  in  experiments  in  which  continued  incubation  of  transformation  mixtures 
for  several  hoiurs  after  deoxyribouuc lease  treatment  did  not  result  in 
increased  numbers  of  transformants. 

Although  populatiocs  of  cells  developed  maximum  competence  only  after 
being  transferred  from  growth  medium  to  transformation  medium,  the  length 
of  Incubation  time  in  growth  medium  was  a  critical  factor.  Apparently 
in  growth  meditnn  cells  developed  a  condition  that  rendered  them  potentially 
competent.  Although  cultures  exhibited  this  condition  to  some  extent  for 
several  hours,  the  maximum  potential  for  competence  was  usually  not  main¬ 
tained  for  more  than  1  to  3  hours.  Neither  the  nature  of  the  condition  that 
renders  the  cells  potentially  con^etent  nor  the  nature  of  the  condition  of 
competence  itself  is  understood.  IBie  situation  is  somewhat,,  but  not  com¬ 
pletely,  analogous  to  that  in  the  Bacillus  subtills  transformation  system.^ 
Cultures  of  B.  subtllis  strain  168  reached  the  condition  of  maximum  potential 
competence  during  the  late  logarithmic  growth  period;  cultures  of  trans¬ 
formable  mutants  of  B.  llchenlformls  did  not  reach  this  stage  until  several 
hours  after  onset  of  the  stationary  phase.  When  a  potentially  competent 
culture  of  B.  subtllis  was  diluted  1:10  in  a  second  growth  medium,  cells 
achieved  competence  toward  the  end  of  the  logarithmic  growth  period; 
cells  of  potentially  competent  cultures  of  B.  lichenlfoncis  developed 
competence  during  incubation  in  a  completely  synthetic  transformation 
wdium  that  did  not  support  growth  of  the  auxotrophic  cells. 
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Transformation  systems  Involving  two  ty7>C3  of  transformable  mutants  of 
Bacillus  llehentformls  9945A  were  compared.  Each  system  required  Its  specific 
growth  medium  but  a  single  transformation  medium  could  be  used  for  both.  Cells 
from  a  culture  of  optimum  age  developed  competence  during  incubation  in  a  com¬ 
pletely  synthetic  transformation  medium.  With  each  system  3  to  57,  of  the 
recipient  calls  were  transformed  upon  exposure  to  wild-type  DNA  for  2  to  3  hours. 
When  competent  cells  were  exposed  to  DNA  for  30  minutes,  1  to  27,  of  them  were 
transfonnad.  The  data  are  Interpreted  to  mean  that  cells  were  heterogeneous 
with  respect  to  development  of  competence,  and  when  properly  grown  cells  were 
Incubated  In  transformation  medium,  some  of  them  gained  competence  while  others 
lost  It.  If  DNA  was  present  during  the  entire  period,  the  cells  were  trans¬ 
formed  as  they  became  competent  and  the  transformants  accumulated.  However, 
during  any  short  period  of  ratposure  to  DNA  only  those  cells  chat  were  competent_ 
at  the  time  were  potential  transformants.  The  high  frequencies  of  transformation 
obtained  In  these  studies  made  it  feasible  to  prepare  marked  strains  by  transform¬ 
ing  markers  into  recipient  cells.  These  experiments  demonstrated  that  the 
characteristics  of  the  two  transformation  systems  could  not  be  attributed  to 
specific  nutritional  markers.  Presumably  each  of  the  two  series  of  highly 
transformable  auxotrophic  mutants  also  carried  at  least  one  other  mutation 
that  resulted  in  development  of  competence  under  the  specific  conditions. 
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